The human infl uence on marine ecosystems is being recognized as a basis for extending the horizons of management. Historical anthropogenic infl uence has involved a wide variety of factors, including the effects of fi shing on the dynamics of individual resource species. More inclusive complexity includes the interactions among species, and their interactions with other aspects of their biotic and physical environment. In this chapter, we review these elements of complexity for the central Baltic Sea. This ecosystem has a long history of human infl uence and its own special characteristics, due to its geographic location, geomorphic traits, and socio-political context. More and more of the complexity of this ecosystem is being recognized as scientists add to the wealth of documentation regarding the infl uence of surrounding terrestrial activities, monitor the dynamics of component populations, establish the effects of weather and climate, and illuminate the relationships among the various elements of the ecosystem. There is a great deal of historical information to characterize the changes that have occurred, not only among the various species making up the ecosystem, but also at the ecosystem level. Some of these have involved regime shifts, in part owing to climatic factors. Such
signifi cant changes involve more than one of the ecosystem's trophic levels as well as physical features such as salinity, temperature, and oxygen concentration. We begin to understand some of the complexity of ecosystems when we recognize that such factors are not alone, however, and realize that trophic cascade dynamics and feedback loops are also involved. Of particular importance for fi sheries management is the clarity with which we have observed, documented, and explained some of the effects of fi shing, not simply as an infl uence on individual resource species, but on the ecosystem as a whole. Some of these ecological aspects are currently used in fi sh stock assessment and management in the central Baltic Sea, but recently acquired additional knowledge could be potentially used in the future to reach the goal of a sustainable exploitation of fi sheries resources in this area.
Introduction
Human activities infl uence marine ecosystems in multiple and interactive ways (Jackson et al . 2001 , Hughes et al . 2003 , Halpern et al . 2008 . Not only has commercial fi shing a substantial impact on ecosystem structure and function by removing target fi sh biomass (Folke et al . 2004 ), but it also infl uences non-target species and habitats (see e.g., Browman et al . 2004 ). In addition, fi sh stock dynamics are infl uenced by variations in climate, introduced species, and water quality (Daskalov et al . 2007 ) . The Baltic Sea is situated in a region where human impacts on the marine ecosystem have been substantial for over a century (Österblom et al . 2007 (Österblom et al . , Eero et al . 2008 . Extensive seal hunting, nutrient runoff from agriculture and municipalities, toxic compounds with a signifi cant impact on top predators, high fi shing mortality resulting from commercial and recreational fi shing, and changes in climate, all have infl uenced this semienclosed sea. The Baltic is a particularly sensitive sea, being characterized by low salinities whose annual variations can have a large impact on species abundance, composition, and distribution (Voipio 1981 ) . At the same time, as it is severely impacted by human activities and hydro-climatic conditions, it is also a sea with clear political boundaries. All nine bordering countries (except Russia) are part of the European Union ( Fig. 1.1 ), leading to a common policy framework being available for joint action. The framework includes the Common Agriculture Policy , the Common Fisheries Policy, the Water Framework Directive (EC 2000 ) and the Marine Strategy Directive (EC 2008 ) . These policies and directives all have a substantial impact on the sectors infl uencing the marine environment. The Marine Strategy Directive, in particular, has laid the foundation for integrating these tools toward the end of sustainable management of European seas. Management in the Baltic Sea is already ahead of the timetable laid out in the directive. The Helsinki Commission (HELCOM ), the international governing environmental body for the Baltic Sea (also including Russia) has developed a joint action plan (the Baltic Sea Action Plan : HELCOM 2007 ), addressing several of the relevant issues. Nevertheless, much remains to be done. There is however a relatively strong political will in the region to address marine issues and the Baltic can thus be said to be well poised to become a pilot area for implementing an ecosystem approach in a European context.
In this chapter, we treat the concept of ecosystem-based management for fi sheries (EBMF) focusing on its ecological aspects (food web and climate impact). In other words, EBMF is handled by taking into consideration the effects of fi sheries on the ecosystem, and the effects of ecosystem on exploited fi sh and fi sheries. We shortly present an account of the existing knowledge of the Baltic Sea ecosystem functioning and how this knowledge is currently used in fi sh stock assessment and fi sheries management advice. Furthermore, we propose the potential use of additional information in the forthcoming assessment and management activities . We focus on the central Baltic Sea (the so-called Baltic Proper) because of the more detailed knowledge of this region if compared with other areas of the Baltic Sea. However, other areas will be also taken into consideration for comparison and completeness.
Current ecosystem knowledge
This section describes briefl y the present knowledge of the general ecosystem functioning and specifi c ecological links in the Baltic Sea. The information provided here is based on data from the recent three decades , this choice being dictated by the fact that stock assessment data in the Baltic Sea are available for all the three main species -cod ( Gadus morhua ), herring ( Clupea harengus ), and sprat ( Sprattus sprattus ) -only during this period.
Fish stock dynamics
In general, a high cod population is accompanied by low sprat population (ICES 2009a ), since sprat is the main fi sh prey for cod. During periods of low cod biomass, a consequence of adverse hydro-climatic conditions and/or fi shing, sprat is released from cod predation (Casini et al . 2008 ) . During the last three decades, following the collapse of the cod stock, the sprat stock increased fourfold, shifting the Baltic from being cod-dominated to being sprat-dominated ( Fig. 1.2 A) . However, the sprat population is also favored by mild weather which supports sprat egg production and survival (Nissling 2004 ) and larval growth (Baumann et al . 2008 ) as well as the development of the main prey for larval sprat, the copepod Acartia spp. (Voss et al . 2003 , Alheit et al . 2005 . On the other hand, the decrease of the herring population during the past three decades is likely due to the synergistic effects of high fi shing pressure (ICES 2009a ), eutrophication-related degradation of coastal spawning grounds (Cederwall and Elmgren 1990 ) , and decrease in mean body growth (Casini et al . 2010a ; see next section) ( Fig. 1.2 B) .
The period considered here is characterized by low abundance of aquatic mammals, resulting from declines observed through most of the 1900s due to human activities (Österblom et al . 2007 ). Therefore, the potential effect of a large population of aquatic mammals on the fi sh community is not well understood. However, a modeling work by Österblom et al . ( 2007 ) predicted that in the presence of seals and harbor porpoises , as in the fi rst half of the 1900s, both cod and clupeid populations could be maintained low by predation , at least at low levels of system productivity.
Overall ecosystem change
Recently, Integrated Ecosystem Assessments (IEA ) have been conducted for the central Baltic Sea (ICES 2008a ) revealing a regime shift in the pelagic ecosystem during the late 1980s and early 1990s ; Fig. 1.3 ), similar to events detected in several North Pacifi c and North Atlantic marine ecosystems (e.g., Hare and Mantua 2000 , Link et al . 2002 , Beaugrand 2004 , Weijerman et al . 2005 . Two regimes (1974-1987 and 1994-2005) were identifi ed, characterized by the opposite dominance of cod and sprat (see above), as well as the zooplankton species Pseudocalanus spp. and Acartia spp. , Möllmann et al . 2008 . Furthermore, a change in the dominance of phytoplankton from diatoms to dinofl agellates has been indicated (Wasmund et al . 1998 , Alheit et al . 2005 .
The central Baltic Sea regime shift occurred in a transition period (1988) (1989) (1990) (1991) (1992) (1993) characterized by low salinity and oxygen conditions as well as high temperatures and nutrient levels, eventually forcing the biotic part of the ecosystem into a new state ). In addition to the physical and chemical conditions, unsustainable cod fi shing pressure during the late 1980s contributed to the overall ecosystem changes , favoring the cod decrease and the consequent increase in sprat population, with further indirect changes down the food web (Casini et al . 2008 , Möllmann et al . 2008 ; see next section). The integrated ecosystem assessment also provided indications that the observed changes can be described as a discontinuous regime shift where feedback loops stabilize the new regime which then represents a true alternative stable state (Scheffer et al . 2001 , Scheffer and Carpenter 2003 , Collie et al . 2004 , Bakun and Weeks 2006 . Plausible explanations for this phenomenon are the existence of trophic cascades, threshold dynamics, and prey-to-predator feedback loops (Casini et al . 2008 , Möllmann et al . 2008 see below) .
Ecosystem effects of fi shing -trophic cascades and other indirect effects
An increasingly observed phenomenon involved in the reorganization of marine ecosystems is trophic cascading which involves a domination of Modifi ed from Möllmann et al . ( 2009 ) . This fi gure is also reproduced in the color plate section.
top-down controls (Strong 1992 ). These processes have been shown in a wide variety of marine ecosystems (Pace et al . 1999 ; see also Casini et al . 2008 and references therein) . Also in the Baltic Sea, large changes at the top of the food web (e.g., in the cod stock) have been shown to trigger chains of events propagating down the food web, leading to a number of direct as well as indirect effects on other trophic levels of the ecosystems.
Fish-plankton
In the central Baltic Sea, the decrease in the cod stock has been one of the main causes of the zooplanktivorous sprat outburst (Casini et al . 2008 ), which in turn has altered the lower trophic levels. In fact, a species-level trophic cascade has been detected for spring decreasing the population of the copepod Pseudocalanus spp. (Möllmann et al . 2008 ) , while for summer a community-level cascade appears in reduced total zooplankton biomass and increased phytoplankton biomass (Casini et al . 2008 ) . In summer, moreover, the effects of the large sprat stock are also evident in other features of the zooplankton community, as altered species composition, stage composition, and vertical distribution ). Herring, on the other hand, seems not to infl uence the open sea zooplankton (Casini et al . 2008 ) , probably because of the omnivorous nature of the bigger individuals and the coastal distribution of the strictly zooplankton-feeding smaller herring. However, the generally lower stock abundance of herring, if compared with sprat, during the past three decades could also partially explain the lower impact of herring on zooplankton resources in this period. See Fig. 1 .4 for a simplifi ed conceptual food web of the central Baltic Sea ecosystem.
Fish growth
Sprat and herring growth are heavily affected by density-dependent factors. The drastic increase of the sprat population in the early 1990s caused an abrupt decrease in both herring and sprat weight-at-age (Cardinale and Arrhenius 2000a , ICES 2009a , Casini et al . 2010a ; Fig. 1 .2 B) as well as condition (Cardinale et al . 2002 , caused by the strong intra-and inter-specifi c feeding competition among clupeids. The decrease in herring growth, however, could have been initiated and facilitated by a decrease in salinity and bottom oxygen , affecting respectively one of the main prey items for herring, the copepod Pseudocalanus spp. (Möllmann et al . 2003 , Casini et al . 2010a , and the abundance of zoobenthic prey for larger herring. Arrhenius and Hansson ( 1993 ) showed, in fact, that a diet constituted of zoobenthos results in increased body growth of larger herring. Fishing activity , which selects larger and rapid-growing individuals, could also have contributed to the observed reduction of clupeid mean weight and condition (Rahikainen and Stephenson 2004 , Vainikka et al . 2009 ).
Cod growth increased when the stock started to decrease in the 1980s (ICES 2009a ; Fig. 1 .2 B), potentially indicating a density-dependent effect. However, since the early 1990s, cod growth decreased again despite an enduring low stock, this indicating that factors other than direct density-dependence have affected cod growth during the past 15 years.
Top predators: seabirds and mammals
There are indications that changes in fi sh stock abundance and quality infl uence marine seabirds . The dramatic changes in the sprat stock during the past three decades, and the related decrease in sprat weight-at-age and condition, appears to have infl uenced a sprat-feeding seabird, the common guillemot ( Uria aalge ). In the Baltic Sea, the adults of this species feed their chicks almost exclusively with sprat and chicks' weight seems to directly follow changes in sprat condition (Österblom et al . 2006 ; Fig. 1.4 ) . The digestive capacity of the chicks appears ill equipped to deal with what is presumably reduced energy content of their prey. So far, there are no indications that a decrease in weight interactions co-act in shaping food-web structure and dynamics.
has a negative infl uence on chick survival in the Baltic Sea (Kadin 2007 ) , but the response of chick weight to sprat condition does provide yet another example of how changes in the food web are readily transferred among trophic levels. The possible effects of seabird consumption on fi sh stocks are currently not well known, but there are indications that marine mammals could have infl uenced fi sh stock dynamics in the early 1900s when nutrient levels were very low (Österblom et al . 2007 ). However, there are no indications that mammals (primarily gray seals ) at current levels of abundance infl uence fi sh stocks directly to any detectable extent.
Threshold dynamics and feedback loops
Apart from the general concurrent effects of bottom-up (including climate) and top-down processes , it has been shown that the relative strength of these two opposite forms of ecosystem dynamics and regulation can vary in the Baltic Sea (Casini et al . , 2010a . For instance, a mechanistic investigation of the food web showed that the central Baltic Sea ecosystem can be found in two alternative confi gurations, in which either hydro-climatic forces or top-down processes, respectively, are the main regulators of zooplankton dynamics ). Whether the ecosystem is in one confi guration or the other depends on the abundance of the highly infl uential planktivore sprat, whose dynamics are in turn heavily affected by cod biomass ( Fig. 1.5 ). Similar threshold-like shifts have been observed in herring growth , being either climate-or density-dependent depending on the level of the sprat population (Casini et al . 2010a ). This emphasizes the importance of large predatory fi sh in the maintenance of ecosystem functioning and resilience.
As said before, a high cod population seems to be very effective in controlling sprat population via predation pressure. In turn, a high sprat population could potentially infl uence cod recruitment via predation on cod eggs Möllmann 2000 , Köster et al . 2001 ) and competition with cod larvae for zooplankton resources, especially the copepod Pseudocalanus spp. (Möllmann et al . 2008 , Casini et al . 2008 ; Fig. 1.6 ). These prey-to-predator feedback loops, strengthened when the sprat abundance is high, may possibly contribute to cod recruitment failure even in periods of favorable hydro-climatic conditions for cod recruitment ). Therefore, a high sprat stock may decouple cod recruitment from abiotic forcing and maintain the food web in a new stable state -a state which may be diffi cult to reverse without strong management action (Möllmann et al . 2008 ). Further evidence for a new "stable state" comes from a stage-structured biomass model for the cod-sprat interaction (Van Leeuwen et al . 2008 ). This study indicates that the lack of cod recovery in the 1990s-2000s could be explained by a stunted size distribution of the prey (i.e., sprat) providing insuffi cient food of the most suitable size for juvenile cod to grow and reproduce ( Fig. 1.6 ). The low condition and energy content of sprat and herring in periods of low cod stock may also constitute a further mechanism hindering cod recovery via affecting cod body growth . However, beside these ecological feedback loops, it must be kept in mind that cod recruitment is also strongly affected by the parental stock size and age-structure, heavily shaped by fi shing (Cardinale and Arrhenius 2000b ) .
Ecological knowledge currently used in stock assessment and management

Assessment
Little ecological knowledge is used currently in the assessment and short-term forecasts of Baltic Sea fi sh stocks ( Table 1 .1 ), although more information is available if compared with the vast majority of other marine ecosystems. Multi-species assessment models (previously Multi-Species Virtual Population Analysis, MSVPA; currently Stochastic Multi-Species model , SMS; ICES 2009a ) have been used since the mid 1970s to estimate predation mortality of cod on herring and sprat, as well as cannibalism within the cod population, in the central Baltic Sea. Predation mortality by cod has been commonly used also in single-species stock assessment for herring and sprat (ICES 2009a ) .
The North Atlantic Oscillation (NAO) winter index has been used in the forecast of the sprat year-class strength (ICES 2006 ) , following the study by MacKenzie and Köster ( 2004 ) which found a signifi cant correlation between sprat recruitment and spring sea temperature , the area of Baltic ice coverage, and the NAO. Temperature is important for sprat recruitment acting directly on egg survival (Nissling 2004 ) and indirectly enhancing the spring production of the main food for the larvae (Voss et al . 2003 ) .
Temperature and the biomass of the copepod Eurytemora affi nis are used in the prediction of herring year-class strength in the Gulf of Riga (ICES 2009a ) . This planktonic species is considered to be crucial for herring recruitment in this area, owing to the fact that it is the main prey for larval herring. Higher   Fig. 1.6 . Prey-to-predator feedback loops between cod and sprat. When the cod stock is high, the sprat stock is kept low by predation. For low cod stocks, the abundant sprat stock could hinder cod recovery by predation on cod eggs (1) and food competition with cod larvae (2). Moreover, the consequent lower condition (due to density-dependent processes) and changed size distribution (emergent Allee effect) of cod prey species (sprat and herring) would decrease, respectively, (a) the energy content of cod prey, and (b) the amount of prey of a suitable size for juvenile cod (3). These two last processes could explain the decrease in cod growth since the beginning of the 1990s. During the past two decades, after the drop of cod, the increased sprat stock has produced a drastic decline in both sprat and herring body growth.
water temperature in spring favors the development of this copepod, but also a longer spawning period and a more even distribution of herring spawning activity. After mild winters the abundance of zooplankton is also higher, thus ensuring better conditions for the feeding of herring larvae (see also Cardinale et al . 2009 ).
Management
Recently, there has been a great deal of international work (at EC and ICES levels) with the objective of improving the management of Baltic Sea fi sh GoR, Gulf of Riga stocks (ICES 2007 (ICES , 2008b (ICES , 2009b . In these frameworks, the consideration of ecosystem dynamics (species interactions and hydro-climatic effects on stocks) has occupied an increasingly crucial role. It is of particular note that there has been an increasing awareness of the fact that appropriate Biological Reference Points for one species (e.g., cod, herring, or sprat) cannot be defi ned without considering the state of the other two species (ICES 2008b ) . Likewise, longlasting shifts in hydro-climatic conditions cannot be overlooked (ICES 2009b ) . Both processes (trophic interactions and hydro-climatic effects), acting either independently or in synergy with each other, may change the productivity of single species and, in turn, affect stock-recruitment relationships and the way the stocks respond to fi shing (Lindegren et al . 2009 ).
For the stocks in the Baltic Sea, management advice is given by ICES based on estimated Biological Reference Points. Fish stocks are then managed by the European Commission, primarily by issuing annual regulations in the form of TAC (Total Allowable Catch ). However, the regime shift observed in the Baltic Sea in the early 1990s (see above) has produced a change in the use of the Biological Reference Points since 2008 (ICES 2008a ). As a matter of fact, following analyses performed by different ICES expert groups (ICES 2007 (ICES , 2008b (ICES , 2009b , it was decided to abandon the Biomass Reference Point for the Eastern Baltic cod stock (ICES 2008c ) and Baltic sprat stock (ICES 2009a ), because they were calculated using data collected under different ecological circumstances compared with those observed currently. In fact, in contrast to the previous ecosystem conditions, the circumstances after the early 1990s became more favorable for the sprat stock (e.g., higher temperature and lower predation by cod) and unfavorable for the cod stock (e.g., lower salinity and deep water oxygen levels as well as higher sprat stock), thus rendering the previously estimated Biological Reference Points invalid for these stocks ( Table 1.1 ). Therefore, a multi-annual management plan for cod has been adopted since 2008 (EC 2007 ) , having a certain fi shing mortality of F = 0.3 as a target to be reached by reducing the TAC step by step every year. At the moment, this management strategy seems to have produced the desired effects (there has been a signifi cant increase in cod biomass over the past two years; ICES 2009a ), showing that the regulation of commercial catches is crucial to restoring and maintaining a healthy cod stock. Likewise, the development of a multi-annual management plan for sprat and herring, in which multi-species considerations and ecosystem effects would occupy a crucial part, is in progress (ICES 2009b ) .
Potential future use of ecosystem knowledge in stock assessment and management
A large amount of ecological information is available for the Baltic Sea ecosystem that has the potential to be used in fi sh stock assessment and management ( Table 1.1 ). Generally, including environmental drivers could improve the fi t of the Stock -Recruitment (S-R) relationship, and could be used to enhance the short-and medium-term forecasts , for all species (Köster et al . 2001 , Axenrot and Hansson 2003 , MacKenzie and Köster 2004 . For cod, for example, the inclusion of salinity has been shown to improve the Ricker S-R model (Heikinheimo 2008 ) . For sprat, a multiple regression model including spawning stock biomass and temperature , ice cover or indices of the North Atlantic Oscillation (NAO), improves the recruitment model (MacKenzie and Köster 2004 ) . The use of these hydro-climatic parameters could also be used to predict sprat recruitment earlier than is now the case at the annual assessment meeting . Biological parameters, and food web-related processes, can also be used to improve recruitment models. For example, there are indications that the weight-at-age of the spawners (a proxy for parental physiological condition), together with temperature, can be used as one of the predictors for central Baltic herring recruitment (Cardinale et al . 2009 ; Table 1 .1 ).
Knowledge of the factors affecting pelagic fi sh body growth is substantial and detailed in the Baltic Sea. Most of this information, however, rarely has been taken into consideration in stock assessment . Density-dependent growth of herring and sprat for example could be used in short-and medium-term forecasts to provide more precise predictions for biomass and spawning stock biomass of both species (see also ICES 2008b ; Table 1 .1 ). In this context, the inclusion of spatial considerations could also be implemented . For example, there are indications that when the cod stock is reduced due to abiotic changes (i.e., decrease in salinity ) and fi shing pressure, its population aggregates in the southern areas of the Baltic Sea where conditions are more favorable for its reproduction . These conditions trigger an increase in the sprat population prevalently in the northern areas, likely due to predation release, in turn causing a stronger density-dependent effect on clupeid growth in these areas (Casini et al . 2010b ). This information, along with the knowledge of the natural geographical difference in growth rates of clupeids, could be used in the advice ( Table 1 .1 ). The importance of density -dependent mechanisms involving clupeid growth has been also emphasized in view of the potential establishment of an EC multi-annual management plan for pelagic fi sh (ICES 2009b ) .
Seal populations (especially gray seals ) are currently increasing at a very substantial rate (Karlsson et al . 2008 ) , after a decrease during the 1900s due to hunting and pollution (Harding and Härkönen 1999 ) . Modeling work has provided an indication that marine mammals could have infl uenced fi sh stock dynamics in the early 1900s when the system productivity was very low (Österblom et al . 2007 ) . Therefore, if gray seals continue to increase ( Fig. 1.7 ) and artifi cial nutrient input is substantially reduced (one of the main goals of HELCOM 2007 ), the effect on the fi sh community could be substantial . Under these circumstances, predation mortality by these top predators on cod, herring, and sprat could be taken into account in the assessment of these three species (ICES 2009a ; Table 1 .1 ). The potential impact of seals on the fi sh stocks is exemplifi ed in the Bothnian Sea (ICES SD 30) where it has been estimated that the amount of herring eaten by seals each year is higher than the annual catches of the Swedish fl eet in this area (Anna Gårdmark, pers. comm.).
As described above, cod recruitment could be hampered by excessively high populations of its main fi sh prey species (especially sprat) through several mechanisms: (a) predation on cod eggs, (b) competition with cod larvae for common zooplankton prey, (c) decrease in per capita abundance of the preferred prey size when the cod stock is at a low level (caused by a decrease Species that contribute < 5%, on average, to the consumed prey biomass have been excluded (data from Lundström et al . 2010). in growth and fecundity of herring and sprat), i.e., an emergent Allee effect (De Roos et al . 2003 , Van Leeuwen et al . 2008 , and (d) decrease in prey (sprat and herring) energy content at high prey abundances (density dependence in clupeid body growth ). Currently, the strength of these prey-to-predator feedback mechanisms ( Fig. 1.6 ) on the cod stock are under investigation at national (Fiskeriverket 2008) and international (ICES 2008b (ICES , 2009b levels. If these studies provide evidence for a signifi cant negative effect of sprat on cod population, alternative counterintuitive ecosystem-based management actions, as a relative reduction of the sprat population, could be evaluated. However, the risks associated with an artifi cial suppression of sprat in the current Baltic ecosystem (e.g., risk of an explosion of jellyfi sh mass to occupy the open zooplanktivore niche) should be carefully assessed before such a management approach can take place.
The synergistic effect of fi shing, food-web dynamics, and hydro-climatic forces implies that advice on fi shing mortality should be set taking into consideration the actual internal food-web state and external physical circumstances (Lindegren et al . 2009 ). The occurrence of thresholds in the ecosystem functioning (Casini et al . , 2010a implies that the management must be very adaptive and managers must be supplied continuously with updated information of the ecosystem state and especially of the main driving factors ( Table 1 .1 ). Quantitative thresholds , when properly determined, would provide straightforward reference points available for management decisions (Casini et al . 2010a ) .
The information currently used, along with information that is potentially usable, in stock assessment and advice, as discussed above, is extremely relevant to the objective of a sustainable management of the fi shery resources. This information, however, also should be integrated with other ecosystem objectives in order to reach the goals set by different policy bodies (see below). For example, the way the harvest of exploited fi sh stocks is managed has repercussion on all the other components of the food web, including eutrophication symptoms (e.g., risk of algal blooms; Casini et al . 2008 ) , and nutrient dynamics (Hjerne and Hansson 2002 ) , crucial aspects in the HELCOM agenda (HELCOM 2007 ) .
Ecological indicators
A further step towards developing an ecosystem approach to the management of marine resources for the Baltic Sea is the translation of the in-depth knowledge on the functioning of the ecosystem into an indicator-based management strategy (Hall and Mainprize 2004, Jennings 2005 ) . Such a strategy includes the defi nition of strategic goals and ecological objectives which are to a large degree dependent on societal consensus. The available ecological knowledge can then be used to translate the ecological into operational objectives which are refl ected in specifi c indicators with characteristic reference targets and limits being the basis for management decisions (Jennings 2005 ) . For the central Baltic Sea ecosystem such a strategy can be easily developed given the conceptual knowledge regarding the structure and function of the food web (see above and Fig. 1.3 ). Based on this conceptual understanding, different kinds of indicators (refl ecting pressures, states, and response indicators; see Jennings 2005 ) can be selected. These can be for a single species targeted by the fi shery, but should also refl ect community changes (as the size-spectrum in fi sh communities ) or ecosystem-wide reactions (see above; Hall and Mainprize 2004) . Indicators of spatial changes occurring at the regional scale can also be evaluated (as suggested already for the central Baltic Sea; Casini et al . 2010b ). Eventually, a set of indicators can be selected which together may form an early-warning system ( Table 1.1 ). Such an approach would allow the adaptation of exploitation levels to, for example, changes in productivity in order to avoid unintended over-exploitation. Developing such a system requires, however, a thorough testing of the suitability of the combination of many possible indicators and respective reference points and targets. Such an exercise has still to be done for the Baltic Sea ecosystem.
Steps forward in ecosystem management
The ecosystem approach has been heavily promoted as a necessary approach by scientists, and has been incorporated, to varying degrees, in numerous policy documents. Now, politicians and managers are seeking advice from scientists regarding how this approach should be implemented (Rice 2005 , Watson-Wright 2005 . In the Baltic Sea, there has been a long tradition of systems research, and the understanding of Baltic Sea structure , function, and dynamics has advanced substantially during the most recent years. Ecosystem knowledge about the Baltic Sea is transferred to policy makers along different pathways, depending on the issue at hand, and the management institution asking for advice. In many marine regions, the focus has been on the impacts of fi shing on marine ecosystems (e.g., bottom trawling, bycatch of target and non-target species, competition with marine predators). In the Baltic Sea there is also recognition of reciprocity. The dynamics, circumstances, and condition of ecosystems have a clear impact on fi sheries (and fi sh stocks dynamics). Such factors include the status of the marine ecosystem, along with a variety of abiotic factors (nutrient levels, water quality, salinity , temperature , and deep water anoxia). There is thus a clear case for better integration of advice from the fi sheries sector and the environment sector, and there are steps to move in this direction, albeit slow. Advice from ICES scientists on sustainable levels of fi shing mortality are primarily dealt with by the Ministries of Fisheries (via the European Commission and stakeholders ; Daw and Grey 2005 ) in a wellestablished annual cycle (advice on quotas , stakeholder consultations, and Council decisions), whereas issues and objectives related to the environment are handled primarily by the ministries of environment, throughout different HELCOM processes. Ecosystem considerations are increasingly becoming a part of ICES advice (e.g., multi-species assessment of quotas and discussions about reference points due to regime shifts ; ICES 2008b ) but there is currently no process established to deliver integrated assessments for the Baltic Sea to both the Ministers of Fisheries and Environment. However, the advisory structures within ICES are currently undergoing changes. One major problem is that the sectors infl uencing the Baltic Sea interact in numerous ways, and it is commonly diffi cult to separate cause and effect. The Marine Strategy Directive (EC 2008 ) can potentially promote coherence and consistency between the different policy-setting bodies, but there is a large need of common vision and common strategies shared by all. There are currently no mechanisms in place to deal with potential trade-offs. Potentially, this can be achieved by considering a number of possible trajectories for the future. Such scenario planning, with relevant stakeholders , could provide a mechanism for establishing priorities between potentially confl icting goals and help management bodies around the Baltic Sea fi nd a common strategy. Before moving to an ecosystem approach, however, there is a clear case for starting with the scientifi c advice already at hand (Mace 2004 ). All indications from other regions where management is moving towards an ecosystem approach suggest that this approach, taking account of uncertainty and predator demands, results in smaller quotas than are currently implemented. If simple, single-species stock advice is being followed, and if fl eet capacity is closer matched to systems capacity -that will be a necessary start. The capacity to implement an adaptive response to dynamic ecosystems with multiple tipping points must be a goal for management beyond those of traditional approaches, as hard as they themselves may be to achieve .
